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By 3ernard N. Daley and Douglas R. Lord 

Two-Unsianal tests of eight 6-percent-thick symmetrfcal airfoils 
of the supersonic and subsanic types were conduct8a in the Langley 
rectw high-speed tunnel. Static pressures along the surfaces of 
each airfoil were measured-9ver a &ch n@er range fbm 0.3 tv the 
choking Mach nw&er (aboutbset 
to 2o". 

OL = O") at angles of attack from O" 
Total-pressure surveys b the wake w8re obtatied for the seme 

Mach znmiber renge at angles of attack fraan 0' to 8'. Schlier8n photo- 
graphs of the air flow were also obtained for representative conditiansi. 

The aerodynamic characteristics of each of the airfoils have been 
determined from the msasurea pressure data. These results showed that 
the lift-curve slope of each of the a3rfoils decreased rapidly to a 
positive value approaching zero at angles of attack near go end roughly 
maintained %&is value up to the highest angle of attack testxd. 

When tie max3mm thiclmess was located at the O&chord station 
rather than at the 0.7-chord statian, the circular-arc and wedge-type 
airfoils produced h@her Uft-curve slopes ma maximum lift coeffi- 
cients, lower drag coefficients for a given lift coefficient, and 
improved pitchingmnnent characteristics. The variations wlth Mach 
nwnber of the lift, drag, and pitching-mamsnt coefficients are genereX@ 
similar for the various types of a3rfoils tested. There appeared to be 
no factors which would prohibit the use of the sharp-leading-edge type of 
profiles at tie subscmic speeds t8st8a. 

INTROmTION 

The development of airfoil profiles having sharp lea- edges, 
deSigt8a t0 mid&?33 the WaV8 r881sb1E8, has itICr8aS8d the f8asibility 
of sustained flight of aircraft at supersonic speeds. S3nce any profile 
intended for supersonic fl.QQt must first traverse the subsonic speed 

lsupersedes recently declassified NACA RM LgElg, 1949. 
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range, it is Fmperative that its f&8 characteristics permit steady 
and controllable flight throughout this range. Furth8r, in many 
applications the aerodynamic characteristics of the supersonic profiles 
mU%t PWItdt subsonic DBIl8Uv8PiIlg EUld tidrzl@srn 

The available results of pmvfous inv8stigatims at subsonic Mach 
nmibers on 6-percent-thick airfoils having shax~ leadlng edges are 
limdtedto ahighReynolds nmiber study of a circulararc aIrf'oil 
section in th8 LW two-amianal low-ixrbtience tLmn81 (refer- 
ence 1), an investigation of a dOUbi8-W8dg8 airfoil by the Aznes 
Laboratory (X'ef8Z'8?lC8 2), ma a low-angle-of-attack investigation of 
seven of the mOa8iS studied herein (reference 3). The purpose of-this 
investigation is to prOVdd8 imfomation on the force characteristics 
of thin subsonic- and supemonic-type proflles at high angles of attack 
by elctendln@: the tests of referem 3. 

Eight 6-percent-thick symms-&?ical airfoils were t8St8d at angles 
of attack Pam 0’ to 20'. Test data were obtained by means of static- 
pressure measurements along the surfaces of the airfoils and total- 
pr8ssurs surveys in the wake. 
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APPLIRKCUS~DTEGTS 

The tests were cd.di8a ti the Lsngl.8~ rectangular high-speed 
tunnel, which was a b-inch by 18--h closed-throat Induction- t3-$8 
tunnel that draws air frcm the atmosphere. 

Each airfoil was of 4-Inch chora and COIlp18t8&7 spanned the t8St 
section along the 4-inch djmsneion. Themodels were supportedby large 
circular 8na plates which were fitba into -the tmn81 walls ti such a 
way as to rotate with the model and to retain COnttitity of the tmnel- 
wall surface. Between 36 ma 40 static-pressure oriffces were 
3n&alled In the surfaces of each airfoil In two chordtise rows 
l/4 inch fram andton either side of the model center line. The nmiber 
of oriffces -that could be instdba depended On the shape of the mOd81 

. and its absolute thickness and, hence, was a r&&mm for the wedge-type 
adzfoils. The two types of airp0il.s had the following profiles: 

. 

stisonic: 
;:;;:&23 (IWf8EELC8 4) 

(r8f8mIlC8 5) 
NACA 66-006 (reference 5) 

&lp8?33CXliC (r8f8r8nC8 3): 
NACA 25-(30) 

i 

03b(30) 
NPU=A 2S-(50) 03b(50) t 

031 
De8*t8a herein: 

c-3 
03) 

NACJI ES-(70) 03b(70) 
c-5 

03) 
N&x =- 
N&X =- t 

30) 03b(30) 03) ;I; 
70)(03)-(701 03) w-7 

In the supersonic-profile designation the letter C indicates the air- 
foil was of a &XlJleT-aI'C tyP8, the letter W indicates the alrfoil 
was of the wedge tne, ma the nmiber foILLo- -the letter Fndicates 
th8 location of ?naxbmn thickness jn tenths of the chord from the 
lEadbIg 8a#38. The profiles, With the static-pressure-orifice loca- 
tions, aT8 shown in figure 1. 

Bressur8-distribution m8aSWXDl8ntS were made at angles Of attack 
from O"- to 20° over a Mach nut&m range frotn 0.30 to the chokin@; Mach 
nmiber (about 0.92 at a.= 0' and 0.71 at a = 20'). Wake surveys 
were mad8 for tie Sam Mach nmiber range at angles of attack from 0' 
to 8O. This Mach nmiber range co 

3 
8Sponded approximately to a Reynolds 

nmiber range from 0.70 to 1.5 X 10 . Schlieren photographs of the flow 
were also obtained for representative conditions. These photographs 
were takenwith the Imife edge perpendicular to the flowairection ma 
with a spark of about 2-micros8cona duration. 
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TUNNEL-wm mcTs r. 

The data obtained from this investigation have been corrected for 
the Influence of the tmnel wall.8 by the method of reference 6, which 
takes account of both solid and wake blockage. This correction is 
generally considered to be applicable to that Mach nI&b8r range in 
which the influence of the choking condition on the flow Is small. 
Static-pressure-surveys al0n.g the wall. showed that for all Mach nmibers 
except those within.0.030 0f the choking value there were no exces- 
sively large pressure gradients; accordingly, up to this point the data 
are believed to be quantitatively significant. This value of 0.030 is 
the same as that previously f0una in the low-angle-of-attack investi- 
gation of reference 3. The data within 0.030 of the choking Mach 
number are indicated in the figures in which they appear by dashed 
lines. 

Representative aerodynamic data with corrected test points are 
pr888nt8d ti figID? 2. The section-lift-coefficient d.ata, obtained 
frm the static-pressure distribution over the airfoils, are pZt?es8nted 
in figures 3 and 4. Near the leading edge, where..&t was &@ossible to 
Install orifices 0n some of the profiles, the pr8ssme aistribut-ion 
could not be defined exactly; ma although special car8 was taken In 
fairing the pressure dis-izibution Fn this region, the resultant aero- 
dynamic characteristics are subject to som8 error0 Variation of-the 
effective.mzdmum section lift c0efficients with Mach number and pro- 
file parameters is given in figure 5. For the purpose of this 
analysis, the maxImum lift coefficients were taken at the lowest angle 

act of attack for which the slope of the lift-curve - da became equal 

to 0.015. This Criterion for th8 mm lift, which is actually an 
effective m lif+COeffiCi8nt, was uS8d because Of the failure of 
several of the liftcurves to attain zero slope for the angle-of-attack 
range of .this invest.igaticmm. !&8 change In an&e of attack for maximum 
lift coefficient with Mach nmiber is shown in figure 6. 

The Section-drag-coefficient-data are plotted against Mach number 
in figure 7 and agaLn%t section liftcoefficient in fi@;ure 8. For the 
angle-of-attack range from 0' to B", the drag coefficients were cm- 
puted by tie Wak8tiSUT8y BIfYthOd of r8f8reZlC8 7. &I8 to th8 extC8lUe 
turbulence in the wake at angles of attack gItXat8r than 8', the drag 
coefficients at these higher angles were computed fram the surface 
pressure distributions. 
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The data for section-pitch--ant coefficient about quarter- 
chord location are presented as functions of Mach number and sectiaa 
lift coefficient in f-es 9 and 10, respectively. bbnent coefficient 
is defined herein as the coefficient of the mrrment of the normal. force 
about the quarter-chord location; this is essentially the true quarter- 
chord pitching-mamsnt coefficient because the chordwise force had 
little effect on the pitchbg mcnnent. 

RepresentatSve pressure distributions and corresponding schlieren 
-photographs sre presented for the NACA 0006-63, C-3, and W-3 aIrfoila 
¶n figure ll. 

DISCUSSION 

Lift Coefficient 

. 

The variation of section lift coefficient with Mach nuder 
(fig. 3) is generally STailar for both the dbsonic- and supersonic- 
Q-pe airfoils. For angles of attack up to about 6', the rate of change 
of lift coefficient with Mach nxmiber bxeasea continuously to a 
maximumat MN" 0.8; at higher Mach nuuibers the lift coefficient 
decreases rapidly. At angles of attack between 8O en& 14', tie lift 
coefficient is erratic for Mach nwztibers less than about 0.55, then 
remains relatively constant until a Mach nmber of 0.70 is reached, 
after which the lift coefficient increases quite rapfdly with Mach 
number to the limit of tiese tests. At higher angles of attack (16O 
to 20') the curves are quite irregular; however, the 1iPt coefficient 
tends to increase titb Mach nu&er. 

At angles of attack up to about 6O (fig. 4), 811 Crease In lift- 
acz curve slope z tit& increasing &ch nuuder is observed. When the 

engle of attack reaches a value somewrhere between 6' and go, the lift- 
curve slope decreased abruptly for aU. Mach nuxibers up to 0.75. For a 
Mach n@er of 0.80, the lift-curve slope in this angle-of-attack 
range tends to maintain a higher value than at the lower Mach num3ers. 
Due to 3xmnel constriction effects, howemr, a Mach ndber of 0.80 
could not be reached at tigher angles of attack and this ten&ency 
could not be sddx3ntiated. Jncreasing the angle of attack beyond go 
gives a lift curve which is erratic both Tn ma@tude ana direction. 
Low-speed aata for the C-5 airfoil from reference 1 are in good agree- 
ment with the data presented herein fbr tiis profile at M = 0.40. 
The general increase of Uft with increasing engle of attack beyond 
the stall is contrary to the tendency ofmostthicker airfoils to 
stall with rapid loss in lift. 
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For the low angles of attack, the variation of lift-curve slope 
with Mach number is usually less for the supersonic-type than for the 
subsonic-type airfoils. ThelIftcurves for the s~ersonic-type air- 
foils having a forwar d location of the max&m.m thic.Jness. have higher 
slopes than the amoils with more rearwara lo&ation of ma&mum 
thickness. 

The data of figure 5(a) show that the max3m1~11 lifts ofthe three 
subsonic airfoils were not-affected ti any consistent manner by 
variation of ma&num.-thickness location, but decreesIng the trailing- 
edge angle from 1~~ (HACA 16-006 airfoil) to 5O (NACA 66-006 airfoil) 
caused a consistent increase in effective maximum lift coefficient 
for the three airfoils. The absence of effect of maximum-thickness 
location on the maxImum lift coefficient has been shown in low-speed 
tests of-thin airfoils (reference 5), but the effect of change in 
trailing-edge angle at low speeds is not as wel-f. def3nea; for airfoils 
of L&percent thickness (reference 8) no appreciable effect of 
trailing-edge angle was noticed, whereas for airfoils of lower thick- 
ness and sharp leading edges (reference 1) a decrease In trail%- 
edge angle increased the 11~&3,um lift coefficient. 

The effective maximum lift coefficient for the supersonic-type 
airfoils (fig. 5(b)) g enerally Increased with f023=a movement of 
the msx&m.m-thiclmess location and with decrease in trailing-edge 
angle ma tended. to increase with leading-edge-angle. The effect of 
leading-edge angle wasmore pranouncedwhenthe circuler-arc and 
wedge-type aIrfoIls we333 00dder0a jndependentlyO The ti&%ase of- 
effective maximum lift coefficient with decrease Fd~traiLtng-edge 
angle for sharp-nose aIrfoils is 3.n agreement *th the results of low- 
speed tests cq~ 6- aa lo-percent-thick circular-arc airfoils (refer- 
ence 1). (The leading-edge engles, trailing-edge angles, ma IIEC&WP 
thickness locations presented herein are Interrelated. Leading- and 
trailing-edge angles were determined from tangents at the 0- and 
lOO-percent-chord stations.) 

At Mach nuuibers up to about 0.65 there is little variation of 
effective ITEX&L~~ lift coefficient with Mach number (fig. 5(a)) for 
all airfoils except the wedge type. Beyond a Mach nMiber of 0.65 the 
DIES&I.ID.II lifts of most of the airfoils Increase in a manner similar 
to that previously observed Fn references 2 and 9. The angle of attack 
for maximum lift coefficient (fig. 6) shows a general decrease with 
Increasing Mach n&er for all of the airfoil sections. 

Ln general, it appears that for the subsanic-tgpe airfoil sections 
testes.in this investigation the best lift characteristics - that is, 

. lift-curve slope and maximum section lift coefficient - were exhibited 
by the NACA 66-006.a11rfoil.. For the supersonic-t-y-p& secticns, the best 
lift characteristics were obtaIned with the airfoils having their 
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Y 
maxImm-thictiess location at tie mst f0-a position t0stea. The 
general lift characteristics are similar for all of the profiles, and 
none of tie supersonic-type profiles show peculiar lift characteristics 
which would prohibit their use in the subsonic sped renge covered by 
these tests. 

Drag Coefficient 

The effects of compressibility on the section drag coefficients 
are shownby figure 7 tobe generally the same for all of the airfoils 
tested and simrllar to previous test results for thin symne~ical air- 
foils at low angles. At angles of attack frcmlO" to 20° the curves 
ere quite erratic Woughoutthe Machnmiberrange. 

c 

In figure 8 differences ti drag coefficient of the order of 0.005 
are eviaent for the various airfoils at very low lift coefficients 
(previously shown In reference 3). The subsonic-type airfoils 
generally had the lowest drag coefficient and tie wedge-Qpe airfoils 
had the highest drag coefficient. At higher lift coefficients a 
general decrease in drag coefficient for a given lift coefficient 
occurs with forward movement of maxim=-thidmess location as a result 
of the -roved J.ift characteristics previously discussed for -'chose 
supersonic airfoils having their msxImm-thickness location forward. 
A very rapid rise in drag coefficient occurs after the lift coefficient 
reaches a value near czmx' (about 0.6 to 0.7), the rise generally 
occurring at a higher lift coefficient for the mibsonic-type than for 
the supersonic-type airfoils. 

Creases in Mach mmiber (within the range presented) have little 
effect on the data at very low lift coefficients but generally result 
in increases in lift-drag ratio at aIU lift coefficients below the 
stall. This effect of Mach nmiber on lift-drag ratio is most pro- 
nounced for the l!JACA 16-006 end NACA 66-006 airfoils. The rapid 
increase in drag coefficient near mtzbmm~ lift observed at all Mach 
nmibers up to 0.70 is reduced considerably at a Mach nuuiber of 0.80. 

Although the drag coefficients of me supersonic-type airfoils are 
generally higher then those of the stisonic airfoils, tie differences 
in drag coefficient are not so large that the use of the sharp-nose 
profiles would excessively affect the perfomanc e of supersonic air- 
craft within the stisonic speed range investigated. - 
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Quarter-Chord Pitching-Moment Coefficient 

The variation of the section quarter-chord pitching-moment coeffi- 
cient cmc 14 with stream Mach nmer (fig. 9) may best be discussed by 

considerin@; two angls-of-attack ranges, one from 2' to loo end the 
other fram 12' to 20 . In the low angle-of-attack range, the variation 
of moment coefficient with Mach nu&er (at constant angle of attack) is 
small and regular mtil a Mach number of 0.70 or greater is reached. 
With further increase In Mach number, the moment coefficient increases 
negatively quite rapidly. For the higher angles, the moment curves are 
erraticthroughoutthe Machnumber range. The sharp increase in nega- 
tive slope is not present at the highest Mach numbers; however, there 
is a general negative trend throughout the Mach number range. The 
effect-of Mach nu&er on the variation of c-/4 with cz for these 
airfoils can best be seen in figure 10. For the &bsonic-type air- 
foils, the effectof Mach number on pitching-moment coefficient is 
smallest for the NACA 0006-63 airfoil. The supersonic-type airfoils 
all show similar effects of Mach nuuiber on pitchwmnt-coefficient 
behavior with the exception of the C-7 airfoil., which is aeftiitely 
Inferior. 

The effect of increasing lift coefficient on pitching-mamsnt 
coefficient can be shown by the moment polars of figure 10. Good 
agreement was found between the moment data for the C-5 profile of 
referencelandthe M= 0.40 data presented In figure 10(e). At low 
lift coefficients the two supersonic-type airfoils having their maximum 
thickness at the 70-percent-chord station proaur:ea higher rates of 
change of moment coefficient with lift coefficient then did those air- 
foils whose max&mrthickness locaticns were ahead of or at the 
5O-percent-chord station. For lift coefficients near cb' 
(about o .6), a rapid rise in negative pitching-mcznent coefficient 
occurs for all of the airfoils. There is sm tidication that at a 
Mach nmiber of 0.80 this sudden change in slope is dimInished. For 
the subsonic-type profiles, the NAM 0006-63 s-a to give the met- 
steady variation of pitching-mcansnt coefficient; with lift coefficienti 
For the supersonic-type sections, those airfoils having a forward 

location ofthe maximum thickness had smaller values of dcmc'4 in the 
dcz 

Power angle-of-attack range and smoother vsriatians of mcznent with 
lift. Although those sharp-nose airfoils having their maximum 
thickness at the 70-percent-chord station exhibit undesirable moment 
characteristics, it appears that the supersonic-type profiles with the 
more forward locations of maximum thickness would be generally as 
acceptable as the subsonic-type profile for practical applicat3ons 
tithln the speed range of these tests. 

c 
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c Schlieren Photographs and Pressure Distributions 

The schlieren photographs and pressure-distribution diagrams shown 
in figure 11 are representative of flow conditions over the airfoils 
investigated. The leading-edge attached-shock phenomenon, first 
reported in reference 3, is shown to occur at angles of attack as high 
as 80 and was observed at an en&e of attack of 32' at the choking Mach 
number (not present&). At higher angles of attack only separation was 
observed, but the maximum attainable Mach nuziber was reduced with 
increase in angle of attack. The pressure-distzibution diagrams show 
that at high angles of attack tiis separation has eliminated the effect 
of change in upper-surface contour. These diagrams also show ?&at the 
loaaing near the trailing edge is very high at angles of attack of 8O 
or greater. 

CONCLUSIONS 

c 
Two-dimensional tests of 6-percent-thick symmetrical airfoils of 

various circular-arc, wedge, and romaea leading-edge profiles at high 
subsonic Mach nunibers indicate the following conclusions: 

o 1. At angles of attack near 9 tie lift-curve slope of each of the 
airfoils decreased rapidly to a positive value approaching zero and 
roughly maintained this value up to the highest angle of attack tested. 

2. when the mmimm thiclmess was located at the 0.3-chora station 
ratier than at the 0.7-chord station, the circular-arc and wedge-tspe 
airfoils produced higher lift-curve slopes and meximm lift coeffi- 
cients, lower drag coefficients for a given lift coefficient, =a 
improved pitching-mment characteristics. 

3. The variations with Mach nmiber of the lift, drag, and 
pitching-mcment coefficients are generally similar for the various 
type airfoils tested. There appeared to be no factors which would 
prohibit the use of the sharp-leading-edge-type profiles at the 
subsonic speeds tested. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., May 3, 1949. 
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NACA 16-008 

NACA 6f3-008 

Orifice loc~~tione 

C-6 

Figure I.- Airfoil profiles end static-pressure-orifice locations. 
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Figure 2.- Fkpresentatlve variations titi Mach umber of the force chm3cter16tic.9 of the 
NACA 16-006 airfoil. 

( 
Curve8 are dashed for data from (%h - om) b iv&.) 
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Figure 3.- Continued. 
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